Experimental

DNA sequences
All oligonucleotides used in this work were synthesized and purified by Sangon 
GCGTCGTTGGCCCAGTTAGTTAGGGCTCTATGAGGT
The complementary bases of DNA2 with DNA1 and DNA3, and DNA3 with S1 and S2 (S2') were shown in bold and bold italic, respectively. The mismatch bases were shown in bold with underline.
Apparatus
Template-assisted electrochemical growth of outer polymer layer was carried out with a CHI660B electrochemical workstation (CH Instruments Inc., USA). The morphology of the microtube was examined with scanning electron microscope (SEM) (Hitachi S-4800, Japan). Zeta potential analysis was performed on a Zetasizer (Nano-Z, Malvern, UK), which can detect the Zeta potentials of materials with a size range of 3.8 nm -100 m, and is suitable for characterizing the PEDOT-PSS microtubes with the length of ~13.5 μm. Polyacrylamide gel electrophoresis (PAGE) analysis was performed on an electrophoresis analyser (Bio-Rad, USA) and imaged on Bio-rad ChemDoc XRS (Bio-Rad, USA). The images and videos were captured by Leica DMI 3000B inverted microscope equipped with a Photometrics Evolve 512/SC camera (Roper Scientific, Duluth, GA), and acquired at a frame rate of 10 frames/s using the Leica MM AF 1.5 software. Figure S7. Decomposition percentage of 11 mM H 2 O 2 for 10 min in the presence of (A) 5.5×10 -5 mg mL -1 catalase, (B) 5.5×10 -5 mg mL -1 catalase after exposed to 2% H 2 O 2 for 10 min, and (C) micromotor device after exposed to 2% H 2 O 2 for 10 min.
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